



















IN C LU SIV E H IG G S B O SO N SEA R C H ES IN FO U R -LEP T O N FIN A L STAT ES
AT T H E LH C
EVELYNE DELM EIRE
on behalfofthe ATLAS and CM S Collaborations
Universidad Autonom a de M adrida
The inclusive search forthe Standard M odelHiggsboson in four-lepton nalstateswith the
ATLAS and CM S detectors at the LHC pp collider is presented. The discussion focusses
on the H ! ZZ
()
! 4l+ X decay m ode for a Higgs boson in the m ass range 120 .
M H . 600 G eV =c
2
.A prospectiveanalysisispresented forthediscovery potentialbased on a
detailled sim ulation ofthedetectorresponsein theexperim entalconditionsoftherstyearsof
LHC running atlow lum inosity.An overview ofthe expected sensitivity in the m easurem ent
ofthe Higgsboson propertiesisalso given.
1 Introduction
The Standard M odel(SM ) ofelectroweak interactions contains one Higgs boson whose m ass,
M H ,isa free param eterofthe m odel.The inclusive single production reaction p + p ! H + X
followed by thedecay H ! ZZ() ! l+ l  l0+ l0  (in shortH ! 4l)isthe cleanest("golden")decay
m ode forthe discovery oftheSM Higgsboson atthe LHC and can provide a sensitivity overa
wide range ofm assesM H from 120 to 600 G eV=c
2.There are three dierentnalstateswhich
depend on the avourofthe Z-boson decay leptons:H ! 4e,H ! 4 and H ! 2e2. Thanks
to therelatively sm allbackground contam ination,theH ! 4lalso allowsa precisem easurem ent
ofthe Higgsboson properties(m ass,width,spin,couplings,etc...).
The report sum m arizes the expected potentialof ATLAS and CM S in SM Higgs boson
searchesin the H ! 4lchannel. Form ore detailson the analysesdescribed here,the readeris
directed to the ATLAS1 and CM S2 PhysicsTechnicalDesign Reports.
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2 H iggs boson signaland backgrounds
AtLHC energies,there are two dom inantSM Higgs boson production processes: gluon-gluon,
gg ! H,and weak boson fusion qq ! qqH. In the m ass range M H . 135 G eV=c
2,the SM
Higgsboson decaysm ainly into bb(BR  85% )and +   (BR  8% )pairsbutthesearch in the
H !  decay m ode ispriviledged despite itsm allbranching ratio(BR  0.2% )because ofits
clean experim entalsignature.ForM H & 135 G eV=c
2,thedecay into H ! W + W   isdom inant.
Thebranching ratio fortheH ! ZZ() decay issizable forM H  115 G eV=c
2.
TheH ! ZZ() ! 4lsignaleventtopology ischaracterized bytwopairsofoppositely charged
and isolated sam e-avourleptonscom ing from the sam evertex with a di-lepton invariantm ass
com patible with the Z-boson m ass. The Higgs boson signalm anifests itselfas a narrow m ass
peakin thereconstructed four-lepton invariantm assspectrum .Therearethreem ain background
sources to the H ! 4lsignal. The reducible Zbb and tt background processes dier from the
signalby the presence oftwo non-isolated leptons inside b-jets with displaced vertices. The
irreducible ZZ() background has kinem aticalproperties which are very sim ilar to that ofthe
signalexceptforthe four-lepton invariantm asswhich showsa broad spectrum .
3 Event selection
Allselections are optim ised to have the highest signicance for discovery with em phasis on a
realistic strategy forthecontrolofexperim entalerrorsand background system atics.
Theon-linepreselection consistsofa logicalO R ofbasicsingleand doubleelectron orm uon
triggers. The o-line preselection starts with the search for events with at least four lepton
candidates within the ducialvolum e. The aim is to reduce as m uch as possible the con-
tam ination ofbackground sources involving "fake" leptonsfrom Q CD jets while preserving as
m uch as possible the signaldetection eciency. The Zb b and tt backgrounds have at least
one non-isolated lepton-pair with often detectable displaced vertices in contrast to the signal
and ZZ() background. Therefore,the m ostdescrim inating preselection variablesagainstthese
backgroundscom e from vertex constraintsand isolation criteria relying on the m easurem entof
prim ary tracksin the trackerand/orthe energy ow in the calorim eters.
Thekinem aticalselection consistsofcutson thelepton transverse m om enta and therecon-
structed di-lepton invariant m ass spectra. The rstcut exploits the factthat b-decay leptons
from the Zbb and ttbackgroundshave on average a softerpT spectrum than leptonsfrom the
Higgs boson signalorZZ() background. The second requirem entispowerfulagainstallback-
grounds.
The num berofsignaland background events is determ ined by a sim ple window sliding in
the reconstructed four-lepton invariant m ass spectrum . After the fullselection,the reducible
backgroundsare suppressed wellbelow the levelofthe ZZ() contam ination which rem ainsthe
dom inantand solerem aining background.Thetypicalrejection factorsvary from 2 103 to 104
fortt,from 500 to 105 forZbb and from 20 to 4 forZZ(),depending on theM H -hypothesis,for
a signalselection eciency of25-55 % .
4 System atics
Thesystem aticson thesignalsignicancearerelated to theknowledgeoftheZZ() background
rate in the signalregion and the uncertainty on this knowledge. Two approaches have been
followed to estim atethebackground directly from thedata:a norm alisation to singleZ,Z ! 2l,
data and a norm alisation to sidebands.Both approacheslead to a reduced sensitivity to theo-
reticaland experim entaluncertaintiesaswellasafullcancellation ofthelum inosity uncertainty.
The theoreticaluncertainty isofthe orderof2 to 8% forthe norm alisation to Z ! 2land 0.5
Figure 1:The expected statisticalsignicance forthe Standard M odelHiggsboson signalasfunction ofitsm ass
foran integrated lum inosity of30 fb
 1
forthe ATLAS(Left)and CM S(Right)experim ents.
to 4% forthenorm alisation to sidebands.Thelow statisticsofZZ() eventscould bea lim iting
factorforthe sidebandsm ethod.
The overalstrategy forcontroling the detectorsystem aticsisto estim ate the eciency and
theprecision oftheenergy and m om entum m easurem entsfrom experim entaldata.SingleZ and
singleW processeshavehugecrosssection attheLHC,and areexpected to lead to a signicant
reduction ofthe reconstruction uncertaintiesalready afterfew fb 1 .
5 D iscovery reach
Figure 1 shows the expected statisticalsignicance for the SM Higgs boson signalas function
ofitsm assforan integrated lum inosity of30 fb 1 .A 5-discovery ispossibleovera widerange
ofm asses in the H ! 4lchannel: 130 < M H < 160 G eV=c
2 and 2m Z < M H < 550 G eV=c
2.
The drop in sensitivity around M H  180 G eV=c
2 willbe lled by the com plem entary channel
H ! W W () ! 2l2 wherelessthan 1 fb 1 isneeded for5-discovery. ForM H < 130 G eV=c
2,
the highestdiscovery potentialisobtained in the H !  decay m ode.
6 M easurem ent ofthe H iggs boson properties
TheHiggsboson m assand width areobtained from a tto thefour-lepton invariantm assspec-
trum . For an integrated lum inosity of30 fb 1 ,the expected statisticalprecision ofthe m ass
m easurem entis better than 1% over a wide range ofm asses(Figure 2 Left). The Higgs boson
width m easurem entisonly possibleforHiggsboson m assesbeyond 200 G eV=c2 when theHiggs
boson naturalwidth startsto dom inatetheexperim entalresolution.Theexpected precision on
the width issm allerthan 30% .
The Higgsboson couplingsto ferm ionsand gauge bosonscan be extracted from rate m ea-
surem entsin thedierentHiggsboson production and decay channels.Relativeprecision on the
squared Higgs boson couplings,assum ing 300 fb 1 ofdata collected by both the ATLAS and
the CM S experim ents,variesbetween 10% and 40% depending on the coupling,exceptforthe
Yukawa coupling to theb-quark which suersfrom large uncertaintiesrelated to b-tagging and
background norm alisation4.
Figure2: Left:Theexpected statisticalprecision oftheHiggsboson m assm easurem entin CM S foran integrated
lum inosity of30 fb
 1
. Right: The relative precision on the Higgs boson couplings assum ing 300 fb
 1
ofdata
collected by both the ATLAS and the CM S experim ents.
The H ! 4l channel is particularly suitable to m easure the Higgs boson spin and CP
state because its sm allbackground contam ination and the fact that the event kinem atics can
be com pletely reconstructed with good precision. The angular correlations between the Z-
boson decay products are used to extract the spin and CP state ofthe resonance. A study
based on ATLAS fastsim ulation showsthatwith 100 fb 1 a pseudo-scalarHiggsboson can be
ruled out ifM H > 200 G eV=c
2 and an axialvector and vector Higgs boson can be excluded
ifM H > 230 G eV=c
2 5. A recentanalysisby the CM S experim entconsidersalso CP-violating
spin-0 Higgs boson states via the introduction ofa CP-m ixing param eter and determ ines the
m inim alenhancem entorsuppression in crosssection needed in orderto excludetheSM pseudo-
scalarHiggsboson.Itisshown thatthedistinction between a scalarand a pseudo-scalarHiggs
boson isalready possiblewith 60 fb 1 integrated lum inosity6.
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